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Carotid-axillary artery bypass: A 
ten-year experience 
Frank J. Criado, MD, and Luis A. Queral, MD, Baltimore, Md. 
Purpose: The purpose of this study was to review our 10-year expcrience with 
carotid-axillary artery bypass in the treatment of occlusive lesions of the proximal 
subclavian artery. 
Methods: Our 10-year experience with 26 carotid axillary bypasses for occlusive disease of 
the subclavian artery was reviewed retrospectively. The review focused on the indication 
for the operation, the surgical technique used, and the development ofimmediate and late 
postoperative complicaUons. Long-term bypass graft patency and clinical success were 
determined on the basis of information gleaned from the office records of all patients. Only 
three patients were lost to follow-up at 12, 36, and 38 months. 
Results: There were no operative deaths. Two patients had small cervical wound 
hematomas, and two others experienced transient symptoms of brachial plexus irritation, 
which subsided spontaneously. Permanent nerve or lymphatic omplications did not 
occur. In a mean follow-up of 47 months, carotid-axillary b pass graft patency was 96°/0, 
and 88% of the patients enjoyed symptom-free sustained clinical success. 
Conclusions: This retrospective review demonstrates that a carotid-axällary bypass 
constructed with ringed synthetic graft material ttmneled under the clavicle performs weil 
and can be considered a reasonable alternative to the more standard carotid-subclavian 
bypass for the same indications. (J VASC SURG 1995;22:717-23.) 
Operative repair of symptomatic o clusion of the 
proximal subclavian arteries is infrequently necessary. 
As with other lesions of aortic arch branches, ex- 
trathoracic bypass has become the preferred option 
for revascularization. After the initial description by 
Lyons and Galbraith, i and especialty after the report 
by Diethrich et al. 2 in 1967, carotid-subclavian by- 
pass rapidly gained in popularity and is now consid- 
ered standard treatment. Published results seem to 
justify this status, a9 Exposure of the subclavian artery 
and bypass grafting to it are not without technical 
complications, however. Most vascular surgeons rec- 
ognize that this vessel is rather delicate and thin- 
walled and not simple to uncover because ofits deep 
and protected anatomie course. Furthermore, close 
proximity to important lymphatic channels and 
nerves may add to the potential for complications 
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after supraclavicular exposure. Distal graft anastomo- 
sis to the axillary artery, instead of the subclavian 
artery, would have the potential ofpossibly avoiding 
some of these risks. Moreover, infraclavicular expo- 
sure of the axillary artery is a rather straighfforward 
technique, and the vesscl itself compares favorably 
with the subclavian artery from the standpoint of wall 
thickness and ease ofsurgical handling. 
The purposc of this report is to review retrospec- 
tively our 10-year experience with carotid-axillary 
bypass in the treatment of symptomatic occlusive 
disease of the subclavian artery. 
MATERIAL AND METHODS 
From March 1984 to November 1994, 26 
patients (16 men and 10 women) with symptomatic 
lesions of the proximal subclavian artery underwent 
revascularization by means of carotid-origin bypass 
to the ipsilateral axillary artery. The age range was 
from 56 to 82 years (mean 67). 
The hospital records of all patients were reviewed 
to determine the clinical presentation, findings on 
arch aortography, technical operative details, and 
immediate in-hospital results. Long-term results 
were gleaned from office records of follow-up visits. 
Length of follow-up ranged from 4 to 108 months, 
with a mean of 47 months. 
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Fig. 1. Separate cervical and infraclavicular incisions are 
used for arterial exposure (upper). Division of pectoralis 
minor muscle facilitates exposure of axillary artery (lower). 
The subclavian artery lesions were all judged to be 
atherosclerotic n nature. Multiple aortic branch 
disease was apparent in five patients, including two 
with critical (more than 80%) ipsilateral internal 
carotid artery (ICA) stenosis and three with con- 
tralateral subclavian artery stenosis. 
Occlusion of the affected subclavian artery was 
present in 18 of the 26 p atients (70%); the remaining 
eight patients (30%) had stenoses. In all cases, the 
lesions involved that portion of the subclavian artery 
proximal to the take-offofthe vertebral rtery. All but 
two affected the left side. 
All patients had symptoms at the time of revas- 
cularization. Ten patients experienced symptoms of 
vertebrobasilar insufficiency (VBI) and had angio- 
graphically demonstrated reversal of flow in the 
ipsilateral vertebral artery. Fourteen patients had 
upper extremity symptoms, including 12 with arm 
claudication and two with signs and symptoms of 
distal microembolization to the fingers of the ipsilat- 
eral hand. Two patients had symptoms of both VBI 
and arm claudication. One patient had sustained a
previous carotid territory hemispheric stroke with 
complete recovery, followed by successful ipsilateral 
carotid endarterectomy. Neither of the two patients 
with concomitant critical ICA lesions had symptoms 
of carotid-territory ischemia. 
Operatäve technique 
All 26 patients underwent carotid-axillary by- 
passes, 24 on the left side and only two on the right. 
After induction of general anesthesia, a cervical 
incision parallel to the anterior border of the sterno- 
cleidomastoid muscle was made to expose the proxi- 
mal common carotid artery and a separate second 
incision was made for infraclavicular exposure of the 
axillary artery, facilitated by routine high division of 
the pectoralis minor muscle (Fig. 1). The bypass 
conduit was a ringed knitted Dacron prosthesis n the 
first six operations of this series and a ringed 
expanded polytetrafluoroethylene (ePTFE) prosthe- 
sis in the other 20, always tunneled under the clavicle. 
Bypass origin was at the proximal or mid common 
carotid artery in 24 cases and at the endarterecto- 
mized carotid bifurcation in two cases in which a 
combined operation was undertaken for simulta- 
neous treatment of a critical ICA stenosis. Anasto- 
mosis to the axillary artery was at the medial or mid 
portion of the vessel in all cases (Fig. 2). Anastomoses 
were all end to side. Proximal juxta-anastomotic 
ligation of the axillary artery was performed in two 
patients with signs of upper extremity atheroembo- 
lization. Carotid shunts and systemic heparin were 
not used. 
StatisUcal calculations 
Bypass graft patency and symptom-free rates have 
been calculated by means of life-table analysis. The 
data regarding length of follow-up, graft patency, 
and freedom from symptoms as of the last examina- 
tion for each patient were entered into an Apple 
Maclntosh 8100/80 computer running JMP software 
(SASS Institute, Carey, N.C.). Kaplan-Meyer curves 
were obtained. 
RESULTS 
There were no operative or in-hospital deaths in 
this series. Complications included two small cervical 
wound hematomas that did not require surgical 
evacuation. Two other patients had bothersome 
upper extremity pain interpreted as «brachial plexus 
irritation," which subsided spontaneously at 6 weeks 
and 2 months. Stroke, permanent nerve injury, 
lymphatic omplications, or wound infections were 
not observed. 
Symptoms of VBI and upper extremity ischemia 
were completely relieved or signiiicanfly improved in 
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Fig. 2. Carotid-axillary bypass with ringed eI'TFE graft mnneled under clavicle. Inset, 
Technical variant when concomitant carotid endarterectomy is necessary. 
Table  I. Life-table primary patency rates for carotid axillary bypass 
Time intervals (mos.) At  risk Failed Success SE 
0.000 26 0 1.0000 0.0000 
3.000 26 0 1.0000 0.0000 
7.000 25 0 1.0000 0.0000 
10.000 24 1 0.9583 0.0408 
12.000 23 0 0.9583 0.0408 
19.000 22 0 0.9583 0.0408 
21.000 21 0 0.9583 0.0408 
22.000 20 0 0.9583 0.0408 
25.000 19 0 0.9583 0.0408 
30.000 18 0 0.9583 0.0408 
36.000 17 0 0.9583 0.0408 
39.000 16 0 0.9583 0.0408 
45.000 14 0 0.9583 0.0408 
46.000 13 0 0.9583 0.0408 
48.000 12 1 0.8785 0.0851 
53.000 11 0 0.8785 0.0851 
54.000 10 0 0.8785 0.0851 
56.000 9 0 0.8785 0.0851 
64.000 8 0 0.8785 0.0851 
68.000 7 0 0.8785 0.0851 
71.000 6 0 0.8785 0.0851 
81.000 5 0 0.8785 0.0851 
83.000 4 0 0.8785 0.0851 
84.000 3 0 0.8785 0.0851 
99.000 2 0 0.8785 0.0851 
108.000 1 0 0.8785 0.0851 
all but  one patient, who had persistent arm claudi- 
cation in spite of restoration of normal  arterial flow. 
Fol low-up reexaminauons for cont inued clinical 
success and graft patency were performed at ó -month 
intervals for 12 months after each operation and 
yearly thereafter. Assessment included clinical exami- 
nation, bilatcral arm blood pressure measurement 
and pulses, Doppler segmental pressures, and, since 
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Fig. 4. Life-table graph of clinical success. 
1990, color-flow Duplex imaging of the carotid- 
axillary bypass graft. Graft patency was defined by 
direct Duplex imaging or evidence of restored 
ipsilateral arm hemodynamics a  manifested by the 
presence of palpable pulses, absence of pressure 
gradients, and freedom from clinical symptoms. 
Three patients were lost to follow-up at 12, 36, and 
48 months; two other patients died of myocardial 
infarction and lung cancer 24 and 72 months after 
surgery. All five patients were free of symptoms, and 
their grafts were patent as of the last examinafion. 
One patient had a nonfatal contralateral stroke 4years 
postoperatively. 
During the study review period, bypass graft 
patency was 96%, and 88% ofpatients have enjoyed 
sustained clinical success. Only one graft thrombosis 
has been encountered, resulfing in recurrent arm 
claudication (Tables I and II, Figs. 3 and 4). 
DISCUSSION 
As evidenced in an early review, 3 extrathoracic 
revascularization seems most effective and safest for 
the treatment ofbranch occlusions of the aortic arch. 
Unilateral, carotid-based operations have gradually 
evolved as the preferred approach for most patients, 
but this opinion is not universaily held. 1° The 
carotid-subclavian bypass, in partictflar, has received 
much deserved attention since the report by Di- 
ethrich et al. 2 Its excellent long-term results have been 
duplicated by several groups around the world. That 
notwithstanding, the potential hazards and difficul- 
fies of subclavian artery exposure should be further 
emphasized. The proximity of major lymphatic 
structures may pose technical difficulties and increase 
the risk of complications. Encouraged by early 
reports, n-13 we initially postulated that use of the 
axiilary artery as the distal anastomotic site would 
simplify the operation and avoid the risk oflymphatic 
injury altogether. On the other hand, peripheral 
nerve complications, especiaily those involving the 
brachial plexus, may be more common with use of the 
axillary arteryY ° The t-wo instances of transicnt 
brachial plexopathy seen in the present series were 
interpreted as representing traumatic injury to the 
cords of the brachial plexus as a result of surgical 
manipulation or retraction. Although these injuries 
were self-limited and short-lived in nature, brachial 
plexus complications would seem to constitutc the 
only disadvantage of the carotid-axillary bypass as 
compared with use of the subclavian artery for this 
purpose. 
The results ofthis 10-year experience would seem 
to substantiate the fact that clinical outcome and graft 
patency with carotid-axillary b pass are quite accept- 
able in the treatment of occlusive lesions of the 
proximal subclavian artery. We view the use of a 
ringed prosthetic graft tunneled under the clavicle as 
a most important echnical component. Although 
ePTFE is currently our choice of graft material, it 
must be recognized that Dacron grafts also per- 
formed quite weil; the small number of cases in this 
series does not permit meaningftfl comparison. Vein 
grafts have performed poorly in this location34; if an 
autogenous repair becomes mandatory (i.e., because 
of infection), atransposition operation would be the 
bet-ter option. 14 
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Table II. Life-table cfinical success rates for carotid axillary bypass 
Time intervals (mos.) At  risk Occluded Patency SE 
0.000 26 0 1.0000 0.0000 
3.000 26 0 1.0000 0.0000 
7.000 25 0 1.0000 0.0000 
10.000 24 1 0.9583 0.0408 
12.000 23 0 0.9583 0.0408 
19.000 22 0 0.9583 0.0408 
21.000 21 0 0.9583 0.0408 
22.000 20 0 0.9583 0.0408 
25.000 19 0 0.9583 0.0408 
30.000 18 0 0.9583 0.0408 
36.000 17 0 0.9583 0.0408 
39.000 16 0 0.9583 0.0408 
45.000 14 0 0.9583 0.0408 
46.000 13 0 0.9583 0.0408 
48.000 12 0 0.9583 0.0408 
53.000 11 0 0.9583 0.0408 
54.000 10 0 0.9583 0.0408 
56.000 9 0 0.9583 0.0408 
64.000 8 0 0.9583 0.0408 
68.000 7 0 0.9583 0.0408 
71.000 6 0 0.9583 0.0408 
81.000 5 0 0.9583 0.0408 
83.000 4 0 0.9583 0.0408 
84.000 3 0 0.9583 0.0408 
99.000 2 0 0.9583 0.0408 
108.000 1 0 0.9583 0.0408 
The risk of operation-related stroke would appear 
to be almost nil in this setting; shunting is unneces- 
sary. When a critical internal carotid lesion coexists 
on the same side, concomitant carotid endarterec- 
tomy with origin of the bypass at the endarterectomy 
site is the most sensible approach (Fig. 2). In two 
patients in whom occurred, there were no complica- 
tions. In other cases, standard carotid endarterec- 
tomy alone should be the initial approach, especially 
in the absence of upper extremity symptoms. Unlike 
innominate and carotid artery lesions, subclavian 
artery disease poses little, if any, risk of stroke, and 
intervention can be justified only for the treatment of 
cerebral or upper extremity symptoms. Prophylactic 
repair has no place in subclavian artery lesions, 
whether or not reversal of flow in the ipsilateral 
vertebral artery (subclavian steal) can be demon- 
strated by Duplex scanning or angiography. 
Distal atheroembolization of the ipsilateral upper 
extremity is a well-known but uncommon complica- 
tion of stenotic lesions of the proximal subclavian 
arteries. Two such cases were encotmtered during the 
study period, and the treatment included juxta- 
anastomotic proximal ligation of the axillary artery in 
addition to the carotid axillary bypass. Admittedly, 
this should be viewed as an inferior alternative to 
subclavian-to-carotid transposition, which is the ideal 
surgical technique in such instances. 
Transluminal therapy of lesions of subclavian, 
innominate, and common carotid arteries by balloon 
angioplasty, with or without stenting, is an increas- 
ingly performed procedure, especially in cases of 
stenosis. 1~-~8 Although preliminary data for focal 
lesions are encouraging, careful reporting of long- 
term results will be the only way to determine 
whether these nonsurgical endoluminal procedures 
are sufficiently effective to be offered as reasonable 
alternatives to the better-proven surgical reconstruc- 
tions. 
In summary, the axillary artery appears to be a 
useful alternative to the subclavian artery for con- 
struction of a cervical bypass in the treatment of 
symptomatic proximal stenosis or occlusion of the 
subclavian artery. Both ringed Dacron and ePTFE 
graft conduits tunneled under the clavicle have 
performed quite well, and long-term results in terms 
of patency and relief of clinical manifestations have 
been excellent. Although not examined at all in this 
report, it is presumed that the same configuration 
would also be effective when the bypass is con- 
structed to revascularize the carotid artery. 
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DISCUSSION 
Dr. R. Clement Darl ing I I I  (Albany, N.Y.). AI- 
though proximal subdavian artery ocdusive disease isorten 
asymptomatic, once ischemic or embolic complications 
occur, surgery may be necessäry. The use of extrathoracic 
reconstructions for symptomatic proximal subdavian ar- 
tery disease is weil estäblished. Most commonly, the 
procedure of choice is subchvian carotid transposition or 
bypass, and, as we've seen, results from these procedures 
have been extremely successful with a minimum of death 
and morbidity. 
In our own experience with more than 73 carotid-based 
reconstructions, only eight were performed with the 
axillary artery as an outflow and with only one being 
tunneled infraclavicularly. All of these reconstructions were 
done for mid or distal subclavian lesions. Of the remaining 
procedures, the vast majority were performed with the use 
of subdavian transposition or a short bypass. This proce- 
dure can be performed through one incision with direct 
visualization of the numerous critical neurovascular struc- 
rures in the fiel& If a bypass is to be performed, it can be 
performed with a short piece of prosthesis or vein. In our 
experienee, and that of others, excellent short- and long- 
term results have been recorded with these techniques. 
The authors present heir 10-year experience in 26 
carotid axillary artery bypasses for symptomatic proximal 
subclavian artery stenosis or occlusion. Ringed 6 mm 
PTFE was used preferentially in the latter part of the series, 
with a 96% patency, and 88% of the patients howed 
improvement or aileviation of their symptoms. These 
results certainly compare favorably with reported results 
with more proximal extrathoracic bypasses, and the authors 
should be commended for their superb results. 
I have five questions for the authors. First, would they 
suggest that this procedure be used for primary therapy or 
for a secondary reconstruction i patients with previous 
surgery, traumatic injuries or disease of the mid or distal 
subclavian artery, as has been out practice? 
Second, prosthetic reconstruction has been extremely 
successful in the shorter carotid subclavian bypass. In the 
longer carotid axillary bypass, was there any consideration 
for using a venous conduit? In what instance would a 
venous conduit be preferred over a prosthesis? 
Third, in choosing a prosthetic material, is there any 
advantage in using an 8 mm instead of a 6 mm one? Do 
they think the ringed prosthesis has any greater advantage 
over an unringed bypass? 
Fourth, in patients undergoing carotid subclavian 
bypass, all the neurovascular structures are visualizcd 
through a single incision. This therefore should minimize 
direct injury to these structures and thus minimize com- 
plications. However, in their carotid axillary bypass the 
most critical structures are not visualized. Could they 
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explain what technical maneuvers they used to safely tunnel 
the graft under the clavicle and prevent any complications? 
Finally, two patients were operated on for atheroem- 
bolism. This bypass seems excellent for occlusive 
symptoms; however, it may not exclude the proximal 
embolic lesion. If the proximal subclavian is not excluded, 
how is the vertebrobasilar system protected from further 
atheroembolic debris? 
Dr. Frank J. Criado. I agree with you that the 
transposition operations are indeed excellent. We find 
them, personally, a little difficult, but I would agree that it's 
an excellent operation; in fact, in my mind, it is the 
preferred approach when an autogenous repair is thought 
to be necessary. 
Regarding your first question, we have used the carotid 
axillary bypass as a primary reconstruction just because of 
personal bias and because we believe that one can achieve 
equal, if not better, results than with carotid subclavian 
bypass. We believe that the use of a ringed prosthetic 
conduit is critical and that tunneling under the clavicle is a 
very important step. In fact, in the literature published by 
Thompson in the early '80s there is one death from erosion 
of a graft that was tunneled subcutaneously over the 
clavicle, and that was one of the factors that prompted us 
to always tunnel the graft under the clavicle. 
You may have a point in regard to the exposure of the 
cords of the brachial plexus; in fact, the symptoms of injury 
or inflammation of the brachial plexus that developed in 
two patients may have been due to just what you're talking 
about. 
What maneuvers do we use to safely tunnel the graft? 
We use no sharp instruments but blunt finger dissection 
only under the clavicle. 
Finally, in response to your comments about athero- 
embolism, I believe that's an important theoretical consid- 
eration but I 'm not sure that I have a good answer to your 
question. The practical implications are probably not very 
important. Parenthetically I would like to tell you that 
nowadays in such cases (in fact, in most cases of stenotic 
lesions of the supra-aortic trunks) we prefer a transluminal 
approach, particularly for the unusual cases in which an 
atheroembolic syndrome is the presenting manifestation. 
Dr. All F. AbuRahma (Charleston, W.V.). I am 
somewhat confused about what you are trying to accom- 
plish with this technique, i.e., advocating carotid-axillary 
bypass rather than carotid-subclavian bypass. Because you 
are still going to dissect he lower part of the common 
carotid artery, I presume by a supraclavicular incision, the 
exposed structures are going to be dissected, regardless of 
whether you do a carotid-subclavian rtery bypass or a 
carotid-axillary artery bypass. Therefore what are the 
advantages of carotid-axillary artery bypass over carotid- 
subclavian artery bypass, in view of the fact that a 
carotid-subclavian rtery bypass is very durable with a 
5-year patency rate of more than 90% with relatively few 
complications. 
We had a series of 40 patients who underwent 
carotid-subdavian bypasses with similar results, that is, an 
excellent 5-year patency rate (95%) with minor complica- 
tions. This series was presented at the Southern Vascular 
Association several years ago and published in Surgery. 
Dr. Criado. ~ believe that the purpose of this report is 
simply to demonstrate hat there is an alternative to the 
subclavian artery. We are not trying to demonstrate hat 
this is a better operation, but we do believe that it is a valid 
alternative. You mentioned the incision. We don't use a 
supraclavicular incision; this is a cervical approach. The area 
where the lymphatic or phrenic nerve injury occurs is not 
exposed at all. And the second incision is infradavicular, 
which most vascular surgeons feel very confident and 
familiar with. That is the purpose and message of this 
report: The carotid-axillary b pass is effective and probably 
easier than the carotid-subclavian bypass. 
Dr. Frank J. Veith (Bronx, N.Y.). Can you tell us at 
present what kind of case you would use that approach on 
and what kind of case you might use the current bypass on? 
Or are you presenting this as an option for historical 
interest? Are you still performing this operation? 
Dr. Criado. We rarely perform this operation anymore 
or, in fact, any kind of operation for supra-aortic trunk 
disease, except perhaps when occlusive lesions are extensive 
and cannot be crossed with a wire. 
In every case of stenosis today we try the transluminal 
first approach, which is quite simple, safe, and probably 
durable. This last point, however, remains to be shown in 
a more conclusive fashion. 
Dr. Krishan Gulati (Plattsburgh, N.Y.). If you find 
comfort in exposing the axillary artery, then why not expose 
both sides and do an axillary-axillary graft crossover? It will 
give you the same value. You won't have to go above the 
clavicle or have anything to do with the carotid artery. 
Dr. Criado. The axilloaxillary bypass is probably the 
simplest but perhaps the worst of all of these bypasses 
because the patency rate has been shown in several 
publications to be significantly lower than the better- 
proven carotid-based cervical bypasses. Another disadvan- 
tage of the axilloaxillary bypass is that it crosses the sternum 
and may interfere with subsequent coronary bypass, which 
5% to 10% of these patients are likely to require at some 
point. 
Dr. Thomas F. Panetta (Brooklyn, N.Y.). With your 
endovascular manipulations have you seen any embolic 
complications? 
Dr. Criado. We have not seen any embolic complica- 
tions whatsoever. We were very afraid of that when we 
started 2 or 3 years ago, but, it has not proven to be a 
clinically significant problem. This holds true, in fact, for 
endoluminal recanalizations in other territories as well. 
